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Vorriehtung zur kontinuierlichen Bestimmung des Sauer- 
stoffs in schmelzflussigen Hetallen 



Die Erf indung betrif ft eine Vorriehtung zur kontinuier- 
lichen Bestimmung des Sauerstof f gehalts senmelzf lusaiger 
Metalle, wie insbesondere Eupfer, Blei, Zinn und Silber, 
bei der auf elektrochemischem Wege das Sauerstof t potential 
der Schnelze festgestellt wird* 

Bach einer alteren Patent anmeldung wird das Potential 
zvischen zwei Elachen eines feste* Elektrolyten genessen, 
vobei die eine El&che mit einer Phase Oder mehreren Phaaen 
in BerOhrung ateht, die einen kontrollierten Sauerstof f- 
druck bzw. ein kontrolliertes Sauerstof f potential auf weisen 
und als Bezugsmedium dienen, vShrend die andere El&che mit 
dem zu prQfenden geschmolzenen Metall in BerOhrung gebraeht 
vird. Zum Schutze des festen Elektrolyten gegen chemische 
Angriffe, Varmescnock und mechanisehe Beanspruchung ist ein 
Bohr vorgesehen, das den festen Elektrolyten umgibt und 
eine Eontaktelektrode zu der Sehmelze darstellt. 
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Genass der vorliegenden Erfindung 1st der feate Elektrolyt, 
der beiapielaveiae aus Zirkoniunoxid ait einea Gebalt an 
Calciumoxid Oder Xtriuaoxid oder einea anderen Material, 
das allein oder nauptsdcblicb durcb die Bevegong you Bauer- 
atofflonen leitend iat, in Gestalt eines Stabes oder Bands e 
ausgebildet. Hit Yorteil vird das Elektrolyt eleaent in Form 
einea Stabes oder Bandes ia Ende des Senutzrobres mittels 
eines Zeaents bzv. Kittes festgenalten. 

Zur veiteren Erlauterung der Erfindnng vird die in dexZeicn- 
nungen dargestellte AusfObrungsfoxa besehrieben. 

9ig.1 iat ein LSngsscbnitt der Yorrientung. 

Die Fig. 2 und 3 zeigen Einzelheiten an dea einen Ende des 

Elektrolyt elements. 

Bei der iusfUhmngsfora n&eh Fig,1 siad zwei oder nehrere 
ans einea festen Elektrolyt en bestebeat© StSbe oder Binder 
A^ und Ag, die etva 3 cm lang ais<& 0 im den Aluminiumoxid- 
ring B eingekittet. Hierzu wird ein Oxidzement 6 verwendet, 
der hauptsacblich ma Aluminiumoxid 9 HagnesiumoxLcl, cfker ande- 
ren inaktiven Ox£den be stent* Dies© Oxide m&ssen den Eindrin- 
gen von fltissigem Met all, beispiels&s&se Kupfer, und/oder fa- 
sen Viderstand leisten und dfirfen das elektriscne Verbal ten 
dea Elektrolyt en nicbt stdrend beeinfl^ss@n 0 

An den oberen Enden 1 und 2 der Stsbe und Bander A^ und Ag 
sind Platindrahte 3 und 4- durcb UE^ickluag bef estigt. Yorber 
wurden die Enden 1 und 2 platinisiert oder ait Platinf olie um- 
mantelt. Die DrShte 3 und 4 sind in Mppelrobrisolatoren 5 so 
zum Kopf der als Sonde dienenden Yorriektung gefttbrt, dass'sie 
miteinander oder mit dea Enaseren aus Betall oder Cermet be- 
stebenden Schutzrobr C oder mit dea Bote B niebt in BerQbmng 
komaen kSnnen. 
*) Zirkoniuaoxid 
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Die oberen Enden der Sttbe A 1 and Ag werden in einen Loft- 
. stron gehelten, der bei den Pfeilen 8 in das Rohr D ein- 
tritt and bei den Pfeilen 9 en anteren Bend dee Rohres D 
in den Ringraun zwisehen Bohr D and den ausseren Schatz- 
rohr 0 ungelenkt wird. Das Ronr D kann ana einen inerten 
feuerfeeten Oxid oder ana rostfreien Stahl bestenen. 

pie Ton den llaninianoxidring B anfasste and die Btftbe 

and Ag entheltende Einheit ist in das Schutzrohr 0 nit ' 
einen Kitt 7 eingekittet. Der Kitt 7 mass far das Material 
▼on Aluniniunoxidring B and Schatsrohr C aasreiehende 
Beftflhigkeit haben* and kann elektriseh leitfihig sein in ^ 
Gegensatz zn den innerhalb des Aluniniomoxidrings B verwen- 
deteh Kitt. Zenentc aof Basis von Aloninionoaorid, Hagneaioa- 
oadd oder nit Chron genisehten Alaminiaaoxid sind ▼erwendbar. 

Das Schutzrohr 0 hat an seinem unteren Bade eine Terlan- 
gernde Zonge E, deren freies Ende einige Zeit Tor den Sin- 
tauchen der Sonde in die Schaelze eingetaaeht wird, an 
Varne aus der Sehnelse zn den festen Blektrolyten and den 
ihn angebenden Teilen za leiten. Bierdurch wird der warme- 
s chock bein Eintaachen der Sonde verringert. 

Die anteren Enden der Stfibe A^ and Ag werden bein Betrieb 
der Yorriehtang anterhelb des Vireaas L vollstandig in die ( 
Sehnelse eingetaaeht, and es wird die Ettt zwisehen den 
oberen and anteren Enden genessen. Die Hessang wird zwi- 
sehen Xj and T and zwisehen Xg and X abgenonnen. 

Die Gestaltong des festen Blektrolyten in Porn yon Stfiben 
oder Bandera bietet den torteil, dass diese nit geringen 
Kosten and ohne Sehwierigkeiten herstellbar sind and eine 
gate Widerstsndsffihigkeit gegen Warneschock haben. Bin 
weiterer Torteil besteht in folgenden: 
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Venn die SHE zvlechen Xj and T und zwischen Xg und X 
kontinuierlich abgenonaen bzw. anfgezeichnet wird, so 
zeigt der Vergleich der beiden EHK's, dass die Zelle 
einwandfrei und genau arbeitet, und dass Aenderungen 
der festgestellten EHK's nur durch Aenderungen des Bauer- 
stoffpotentials der Schaelze verursacht sind. Es k£an 
vorteilhaft sein, dass Ban drei Oder noch aehr Stfibe oder 
Binder vorsieht und die Sonde nur verwirft, wenn zwei 
EHK's nicht fibereinstiaaen. 

Der AluainiunoxLdring B kann weggelassen warden, wenn der 
Zeaent 6, der die Stfibe A 1 und Ag halt, ausreichend nicht- 
leitend ist und such bei der auftretenden Vttrae fiber lange 
Zeit durch den ait in* in Berfihrung etsheaden, an der 
Innenseite des Scbutzrohrs G befindlichen Zeaent 7 nicht 
angegriff en wird. Als BesugsmediuB ait bestiaatem Sauer- 
stoff potential kann ein Zweiphasengeaisch z.B. aus einea 
Retail und dessen Oxid verwendetwerden. Geeignet ist z.B* 
abhingig von der Teaperatur Hickel und HickelozzLd oder 
Xupf er und Kupf er-I-oxid. 

Das als Bezugselektrode dienende Geaisch ait bestiaatea 
Sauerstoffpotential wird auf die oberen Enden der Stfibe 
A*p ±2 gebracht. Ein a&ssiger Stroa yon eauerstoffreiem • 
Argon oder Stickstof f wird fiber das Bohr B durch die Zelle 
geleitet, so dass die in ihr befindliche Luft hinausge- 
spfilt wird. 

Dae Zweiphasengenisch V (Retail und sein Oxid) wird ait 
dea eingebetteten Platindraht 3 (oder 4), wie in Fig. 2 
gezeigt, in einen Hohlraua sa oberen Endc der Stfibe A^, 
Ag gebracht, oder es wird, wie in Fig. 3 gezeigt, rund ua 
den lopf der Stfibe gesintert. 
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inaprttche 

Vl) Torriehtnng zur kontinuierliehen Beatinnung dies Sauer- 
stoffgehalta edhnelzflussiger Metalle durch elektrocheni- 
flche Beatinnung dea flauerstoff potential a, vobei das Poten- 
tial zwiachen zvei Flachon einea t eaten Elektrolyten 
geneaaen vird, von denen die sine Plache nit einer Phase 
von kontrollierten Baueratoffdruck als Bezuganediun in 
BerQnrnng steht, vihrend die andere Fllche nit der zu 
prof enden Schnelze in Bexuhrung gebracht vird, 
dadnreh gekennzeiehnet, dasa der feate Elektrolyt die Ge- 
atalt einea Stabea pder Bandea hat. 

2) Vorrichtung nach inapmch 1 , dadnreh gekennzeiehnet , 
dasa der Stab Oder das Band aus f eaten Elektrolytnaterial 
mit einen Eitt bzv. Zenent in unteren End* einea Schutz- 
rohrea featgehalten iat. 

3) Torrichtung nach inapraeh 1 oder 2, dadnreh gekennzeieh- 
net, dasa zunindeat zvei feate Blektrolytelenente dp lg) 
in einen ilnnininnozidring (B) eingekittet aind, nittela 
einea OxLdzenenta, der den Eindringen Ton f ltlasigen Hetall 
oder Gaaen Videratand leiatet und das elektriache Terhalten 
dea f eaten Elektrolyten nicht atSrand beeinfluaat. 

4) Vorrichtung nach inapraeh 1-3, dadnreh gekennzeiehnet, 
daaa an den oberen Enden (1,2) der Stabe oder Bander d,, 
1 2 ) ana f eaten Elektrolyt Platindr&hte (3,4) durch unvicklung 
befeatigt aind' nnd die oberen Enden (1,2) vomer platiniaiert 
Oder nit Platinfolie nnnantelt vorden aind nnd dasa die Pla- 
tindrahte..(3,4) so znn lopf der Vorrichtung gefuhrt aind, 
dasa aie nicht-niteinander oder nit anderen Vorrichtunga- 
teilen in Berflhrung konnen kdnnen. 

5) Torriehtnng nach Inapmch 1-4, dadnreh gekennzeiehnet, 
.daaa die oberen Enden der Elektrolytelenente in einen Euft- 

atren gehalten aind, der durch ein Bohr D ana einen f ener- 
f eaten Oxid oder ana roetfreien Btahl eingeleitet vird. 
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6) Torrichtung nach lnspruch 3, dadareh gekennzeichnet, dass 
die von den lluniniunaxldring (B) umf as ate und die ELektro- 
lyteleaente enthaltende Einheit in ein ausseres Schutzrohr 
(C) eingekittet ist mittels eines fttr beide Materi alien baft- 

.fasten Zementa (7). 

7) Torrichtung nach lnspruch 6, dadurch gekennzeichnet , dass 
der Zement (7) ein Material aof Basis von llunriniumoxid, 
Magneaiumoxid oder mit Chrom gemischtem Atimriw-ii imATP* ist. 

8) Torrichtung nach lnspruch 1-7, dadurch gekennzeichnet, 
dass am oberen Teil des festen Elektrolyten ein Gemisch ana 
einem Metall und dessen Oxacid als Bezugselektrode (W) ange- 
ordnet ist. 

9) Torrichtung nach lnspruch 8, dadurch gekennzeichnet , dass 
die PlatindrShte (3,4) durch das Gemisch aus Hetall und Me- 
talloxid an dea Elektrolytelementen befestigt sind (Pig. 2 
und 3). 

10) Torrichtung nach lnspruch 1-9, dadurch gekennzeichnet, 
dass das aussere Schutzrohr (C) an seines unteren Ende eine 
verlahgernde Zunge (E) aufveist. 
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MANNER THE OXYGEN IN A MOLTEN METAL 
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Abstract not available for DE 2035882 (A1) 
Abstract of correspondent: GB 1281718 (A) 

1281718 Measuring oxygen content in liquid metals 
METALLURGIE HOBOKEN RST INTERNATIONAL 
METALS Ltd and F D RICHARDSON 21 July 1969 
36549/69 Heading G1 N An electro-chemical cell for 
measuring oxygen in molten copper, lead, tin and 
silver, comprises a solid electrolyte A 1 , A 2 in the 
form of a rod or strip cemented into one end of a 
metal or cement protective tube C. As shown, 
platinum leads 3, 4 are wound round the upper ends 
of the rods A 1 , A 2 which are first platinized or 
sheathed in platinum foil. Two cements 6, 7 
separated by an alumina ring B may be used or one 
cement without a ring B may be used. Examples of 
suitable materials are given. Tongue E is dipped into 
the molten metal before the cell to reduce thermal 
shock. Independent measurements of the potentials 
X 1 -Y and X 2 -Y give a check that the cell is 
working accurately. A third solid electrolyte and lead 
may be provided.; A stream of reference gas (e.g. 
air) passes as shown by arrows 8 and 9. 
Alternatively Figs. 2 and 3 (not shown) the reference 
oxygen may be supplied by a mixture of nickel and 
nickel oxide or copper and cuprous oxide in contact 
with the upper end of the solid electrolyte and a 
stream of argon or nitrogen is used to sweep away 
air. 
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PROCESS AND APPARATUS FOR MEASURING IN A CONTINUOUS 
MANNER THE OXYGEN IN A MOLTEN METAL 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Description of correspondent: GB 1281718 (A) 

(54) PROCESS AND APPARATUS FOR MEASURING IN A CONTINUOUS MANNER THE OXYGEN IN A 
MOLTEN METAL (71) We, METALLURGY HOBOKEN, of 8 Montagne du Pare, Brussels, Belgium, a 
Belgian Body Corporate, RST INTERNATIONAL METALS LIMITED, of 1 Noble Street, London, E.C.2., a 
British Company and FREDERICK; DENYS RICHARDSON, of 4 College Avenue, Epsom, Surrey, A British 
Subject, do hereby declare the invention for which we pray that a patent may be granted to us, and the 
method by which it is to be performed, to be particularly described in and by the following statement:: This 
invention relates to improvements in the apparatus for measuring in a continuous manner the oxygen in a 
molten metal, in order to detect electro-chemicaliy the oxygen potential of the said molten metal, as 
described in patent application No. 9/1969 (Serial Number 1 ,235,091). 

The present invention applies more particularly to detection of the oxygen potential in copper, lead, tin and 
silver. 

The said apparatus as described in the prior patent application comprises means adapted to measure the 
electrochemical potential present between two faces of a solid electrolyte, one of which is in contact with a 
phase or phases providing a controlled oxygen pressure or potential used as a reference and the other of 
which is in contact with the molten metal under test, a tube being provided for protecting the solid electrolyte 
against chemical attacks and against thermal shock and mechanical stress, which tube surrounds the solid 
electrolyte and forms a contact electrode with the molten metal. 

According to the present invention the solid electrolyte which may consist of zirconia containing lime or yttria 
or another material which conducts solely or primarily by movement of oxygen ions, is shaped in the form of 
a rod or of a strip, which is held in the end of the protective tube by a cement and insulating refractory 
material. 

The figure of the accompanying drawings shows an apparatus according to the present improvement. 
The invention will now be described with reference to the accompanying drawings. 

Two or more rods or strips A., A of solid electrolyte about 3 cm long are cemented into an alumina ring B by 
means or an oxide cement 6 consisting primarily for example of alumina, zirconia, magnesia, or other 
inactive oxides, which resists penetration of liquid copper and/or gases and which does not interfere with 
the electrical behaviour of the electrolyte. 

To the upper ends of the rods or strips At, A2, platinum wires 3, 4 are attached by winding as shown at 1 
and 2, round the electrolyte rods AR, A after the ends have been piatinised or sheathed in platinum foil. 
These wires 3, 4 are then led away to the top of the apparatus to be used as a probe, in twin bore insulators 
5 in such a manner that they do not make contact with one another or with an outer protecting metal or 
cermet tube C. 

The upper ends of the rods A, A are maintained in a stream or air (as shown by an arrow 8) which enters 
the cell via a tube D which may consist either of an inert oxide refractory or of a stainless steel. An arrow 9 
shows the way along which the air leaves the tube D. 

The combined unit Al, A and B are then cemented into the protective tube C by means of a cement 7 which 
adheres satisfactorify to both or the materials of B and C. This cement 7 may be electrically conducting and 
different from that used within the ring B; cements based on alumina, magnesia or alumina mixed with 
chromium are suitable. 

The tube C is extended at its lower end by a tongue E, whose end is dipped in the liquid metal for some 
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time prior to immersion of the probe, so as to conduct heat from the molten metal to the solid electrolyte and 
its surrounding parts, and thus reduce the thermal shock which these parts are subjected when they enter 
the metal. 

The lower ends of the rods or strips of electrolyte Al, A are fully immersed in the liquid copper below the 
level L of the latter, when the device is in use and the emf which is measured is that established between 
the upper and lower ends, the factual measurements being made between X and Y and X and Y. 

The advantage of using rods or strips lie in their cheapness, their good resistance to thermal shock, and the 
fact that if the emfs between both XI and Y and X arid Y are continuously recorded, agreement between the 
two emfs proves that the cell is working properly and that changes in the emfs recorded are caused only by 
changes in the oxygen potential in the copper. It might be desirable to have three or more rods or strips and 
to reject the probe only when two emfs fail to agree. 

The alumina ring B may be eliminated if the cement 6 in which the electrolyte rods A1 , A are set is 
sufficiently non-conducting, and it is not affected by being heated over long periods of time in contact with 
the cement on the inside of tube C. 

The controlled oxygen potential used as a reference may aiso The a mixture of two phases such as a metal 
and its oxide, as for example nickel and nickel oxide cr copper and cuprous oxide depending on the 
temperature. 

In such cases, the mixture used as the contrilled oxygen potential is maintained at the upper ends of the 
solid electrolyte rods A;, a a gentle stream of deoxidised argon or nitrogen is passed through the cell via 
tube D, so as to sweep awa, air which may in- filtrate the device. 

The mixture W of the two phases metal and its oxide, with a platinum lead 3 (or 4), is held in a hollow in the 
top of each piece of solid electrolyte Al, A. (as shown in figure 2 or is sintered around the top ras shown in 
figure 3). 

WHAT WE CLAIM IS:- 1. Apparatus for measuring in a continuous manner the oxygen in a molten metal 
comprising means adapted to measure the electrochemical potential present between two faces of a solid 
electrolNte, one of which is in contact with a phase or phases providing a controlled oxygen pressure used 
as a reference and the other of which is in contact with the molten metal under test, the apparatus being 
characterized in that the solid electrolyte is shaped in the form of a rod or of a strip which is held in the end 
of a protective tube by means of a cement and insulating refractory material. 

2. Apparatus as claimed in claim 1 , characterized in that two or more rods or strips of solid electrolyte are 
cemented into an alumina ring by means of an oxide cement, which resists penetration of liquid copper and/ 
or gases and which does not interfere with the electrical behaviour of the electrolyte. 

3. Apparatus as claimed in claim 2, characterized in that to the upper ends of the said rods or strips, 
platinum wires are attached by winding around the electrolyte after the ends have been platinised or 
sheathed in platinum foil and are then led away to the top of the probe in such a manner th&t thev do not 
make contact with one another or with the said protective tube. 

4. Apparatus as claimed in claims 1 to 3, characterized in that the upper ends of the rods or strips are 
maintained in a stream of air which enters the cell via a tube consisting of a refractory oxide or of stainless 
steel. 

5. Apparatus as claimed in claim 2, characterized in that the rod is cemented into the protective tube by 
means of a cement which adheres to both of the material of the alumina ring and protective tube. 

6. Apparatus as claimed in claim 5, characterized in that the cement used is based on alumina, magnesia or 
alumina mixed with chromium. 

7. Apparatus as claimed in claims 1 to 4, characterized in that a known mixture of metal and metal oxide 
acting as a reference electrode (W) is maintained at the upper part of the rods or strips. 

8. Apparatus as claimed in Claim 7, characterized in that the platinum wires are connected to the rods of 
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solid electrolyte by way of the said mixture of metal and metal oxide. 

9. Apparatus as claimed in claim 1 , characterized in that the protective tube ends in a tongue which projects 
beyond the end or ends of the electrolyte, so that it may be used to conduct heat from the molten metal to 
the electrolyte and its surrounding parts prior to their immersion in the metal. 

10. Apparatus for measuring in a continuous manner the oxygen in a molten metal, substantially as 
described with reference to the accompanying drawings. 

"WARNING** end of DESC field may overlap start of CLMS **. 
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PROCESS AND APPARATUS FOR MEASURING IN A CONTINUOUS 
MANNER THE OXYGEN IN A MOLTEN METAL 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Claims of correspondent: GB 1281718 (A) 

"WARNING** start of CLMS field may overlap end of DESC **. 

The lower ends of the rods or strips of electrolyte Al, A are fully immersed in the liquid copper below the 
level L of the latter, when the device is in use and the emf which is measured is that established between 
the upper and lower ends, the factual measurements being made between X and Y and X and Y. 

The advantage of using rods or strips lie in their cheapness, their good resistance to thermal shock, and the 
fact that if the emfs between both XI and Y and X and Y are continuously recorded, agreement between the 
two emfs proves that the cell is working properly and that changes in the emfs recorded are caused only by 
changes in the oxygen potential in the copper. It might be desirable to have three or more rods or strips and 
to reject the probe only when two emfs fail to agree. 

The alumina ring B may be eliminated if the cement 6 in which the electrolyte rods A1 , A are set is 
sufficiently non-conducting, and it is not affected by being heated over long periods of time in contact with 
the cement on the inside of tube C. 

The controlled oxygen potential used as a reference may aiso The a mixture of two phases such as a metal 
and its oxide, as for example nickel and nickel oxide cr copper and cuprous oxide depending on the 
temperature. 

In such cases, the mixture used as the contrilled oxygen potential is maintained at the upper ends of the 
solid electrolyte rods A;, a a gentle stream of deoxidised argon or nitrogen is passed through the cell via 
tube D, so as to sweep awa, air which may in- filtrate the device. 

The mixture W of the two phases metal and its oxide, with a platinum lead 3 (or 4), is held in a hollow in the 
top of each piece of solid electrolyte Al, A. (as shown in figure 2 or is sintered around the top ras shown in 
figure 3). 

WHAT WE CLAIM IS:- 1 . Apparatus for measuring in a continuous manner the oxygen in a molten metal 
comprising means adapted to measure the electrochemical potential present between two faces of a solid 
electrolNte, one of which is in contact with a phase or phases providing a controlled oxygen pressure used 
as a reference and the other of which is in contact with the molten metal under test, the apparatus being 
characterized in that the solid electrolyte is shaped in the form of a rod or of a strip which is held in the end 
of a protective tube by means of a cement and insulating refractory material. 

2. Apparatus as claimed in claim 1 , characterized in that two or more rods or strips of solid electrolyte are 
cemented into an alumina ring by means of an oxide cement, which resists penetration of liquid copper and/ 
or gases and which does not interfere with the electrical behaviour of the electrolyte. 

3. Apparatus as claimed in claim 2, characterized in that to the upper ends of the said rods or strips, 
platinum wires are attached by winding around the electrolyte after the ends have been platinised or 
sheathed in platinum foil and are then led away to the top of the probe in such a manner that thev do not 
make contact with one another or with the said protective tube. 

4. Apparatus as claimed in claims 1 to 3, characterized in that the upper ends of the rods or strips are 
maintained in a stream of air which enters the cell via a tube consisting of a refractory oxide or of stainless 
steel. 

5. Apparatus as claimed in claim 2, characterized in that the rod is cemented into the protective tube by 
means of a cement which adheres to both of the material of the alumina ring and protective tube. 
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6. Apparatus as claimed in claim 5, characterized in that the cement used is based on alumina, magnesia or 
alumina mixed with chromium. 

7. Apparatus as claimed in claims 1 to 4, characterized in that a known mixture of metal and metal oxide 
acting as a reference electrode (W) is maintained at the upper part of the rods or strips. 

8. Apparatus as claimed in Claim 7, characterized in that the platinum wires are connected to the rods of 
solid electrolyte by way of the said mixture of metal and metal oxide. 

9. Apparatus as claimed in claim 1 , characterized in that the protective tube ends in a tongue which projects 
beyond the end or ends of the electrolyte, so that it may be used to conduct heat from the molten metal to 
the electrolyte and its surrounding parts prior to their immersion in the metal. 

10. Apparatus for measuring in a continuous manner the oxygen in a molten metal, substantially as 
described with reference to the accompanying drawings. 
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